ABSTRACT
INTRODUCTION
Tebuconazole [1-(4-chlorophenyl)-4,4-dimethyl 3-(1,2,4-triazol-1-ylmethyl) pentan-3-ol] (Fig. 1 ) is a representative of triazoles that are a class of fungicides largely used in agriculture as crop protection products [3] . Their antifungal activity is due to their ability to inhibit the P450 enzyme, which blocks the conversion of lanosterol to ergosterol causing disruption of the fungal cellular wall [5] . But the inhibition potency of these triazole fungicides including tebuconazole (TB) is not limited to fungi; they may also inhibit other P450-mediated activities resulting in various adverse effects [21] . TB is the triazole fungicide, which is applied on a number of crops such as grapes, rice, fruits, and vegetables because of its broad-spectrum antifungal activity. This fungicide had been classified by the US EPA as Group C-Possible Human Carcinogen [27] . TB is persistent in soils and presents moderate mobility [6] . It is classified as toxic to aquatic organisms and may cause long-term adverse effects in the aquatic environment [2] . The presence of TB in stream water has increased in recent years [18] and its concentrations detected in surface waters were up to 175-200 μg.l -1 [7] .
The results obtained by Liang et al. [17] indicated that exposure to TB could alter thyroid hormone levels as well as gene transcription in zebrafish larvae. Commercial formula Orius 25EW containing 25 % of tebuconazole applied in agriculture as a leaf and ear spray pesticide has been studied by Holečková et al. [12] . In this study, significant chromosomal aberrations in lymphocytes induced by the fungicide were discovered. Furthermore, TB-based fungicide induces sister chromatid exchange in bovine peripheral lymphocytes [26] . What's more, TB was found in human beings with the maximal concentrations of 19.2 μg.l -1 and 2.22 ng.kg -1 in urine and hair samples, respectively, from farm workers [9, 22] .
In fact, because so little is known about the long-term toxicity of TB and other triazoles to vertebrates at this time, it is not possible to ascertain whether these molecules present a risk for mammalians chronically exposed to low doses. As a consequence, preliminary studies of interactions, in a broad sense, between TB and several proteins of interest, are one of the necessary steps toward an increased understanding of TB's toxicity on mammalians.
Human serum albumin (HSA) is the most abundant plasma protein and contributes significantly to many transport and regulatory processes. It forms about 60 % of the mass of human plasma proteins with a typical concentration of 40 mg.ml -1 in the bloodstream [24, 10] . The protein binds to a wide variety of substrates such as metals, fatty acids, amino acids, hormones and an impressive spectrum of drugs [19] .
Recently, several studies have been carried out to examine the toxic effects of pesticides at the protein level [23, 4, 32, 30] but information about the possible impact of triazoles on plasma proteins is still limited [29, 34] . At the same time, a binding of pesticides including triazoles to plasma proteins has toxicological importance as it can significantly affect their distribution and excretion in the organism [25] . When these fungicides penetrate into the bloodstream, they may bind to plasma proteins and subsequently induce some alternations of the protein structure and function.
The aim of this study was to obtain additional information about the interactive properties of TB in relation to plasma proteins with regard to the above mentioned frequent application of TB as a pesticide. These results may provide basic data for clarifying the binding mechanisms of TB with HSA and be helpful for food security and human health when TB is applied as an antifungal agent. Fluorescence and far UV circular dichroism spectroscopy (far UV CD) were used for a determination of the binding constant, mode of interaction between TB and human serum albumin molecules, and the effect of fungicide on the secondary structure of the HSA molecule.
MATERIALS AND METHODS
Tebuconazole (CAS Number 107534-96-3) was obtained from Sigma, and its grade was analytical standard.
HSA (fatty acids free, globulin free, purity no less than 99 %) was purchased from Sigma and was used without further purification. To prepare stock solutions, TB was dissolved in 100 % ethanol in a concentration of 10 -3 mol.l (Fig. 2 inset) but at the same time a remarkable deformation of emission spectra can be seen (Fig. 2) . It looks like there was a blue shift observed at the highest TB concentration used in this study, which should point to any Table 1 .
Identification of binding parameters
If we assume static quenching then the association constant (KA) and the number of binding sites (n) in the bio macromolecule can be calculated by the following equation [31] .
log(F0/F-1) = logKA + nlog[Q] (2) Fitting the plot of log(F0/F-1) versus log[Q] (so called
Hill plot) for the interaction between the HSA and tebuconazole (Fig. 3b) , the association constant and number of binding sites were obtained (Table 1) .
To obtain more information on the binding of tebuconazole to HSA, circular dichroism spectroscopy was used to study the secondary structure of HSA and TB/HSA complex. CD is a sensitive technique to monitor the conforma- tional changes in proteins. Far UV CD measurements were performed in the presence of TB at different concentrations but the CD spectra stayed identical for the final concentration ratio 5/1 (Fig. 4) .
As can be seen from Fig. 4 , the CD spectra of HSA and the complex, respectively, display two negative bands in the ultraviolet region at 209 and 223 nm, characteristic of the α-helical structure of protein. The reasonable explanation is that the negative peak at 209 nm is contributed to π → π* transition and 223 nm peak is contributed to n → π* transfer for the peptide bond of α-helix [33] .
As shown in The value of the association constant ( Wang et al. [30] . They used the spectroscopic approach to find association constants for imidacloprid/HSA and thiacloprid/HSA. Both molecules represented the neonicotinoid insecticides currently being used in agriculture.
Comparing the association constants of triazole and neonicotinoide pesticides we can declare that the binding affinity of triazole fungicides, including tebuconazole to HSA, is lower than those of neonicotinoides. But the differences are not very expressive.
It has previously been reported that the binding of certain ligands such as ciproflaxin [1] , virstatin [13] , phycocyanobilin [20] may cause a conformational change in HSA with an accompanying increase in its α-helical content and protein structural stabilization. This phenomenon is quite striking for protein-ligand systems with high affinities, e.g., binding of biotin to streptavidin causes the disappearance of the band arising from unordered structure in FT-IR spectra [11] . Surprisingly, an increase in the TB concentra- 
